Background: to develop a physical training programme to improve balance in dependent, demented, people with a history of falling, and so decrease falls and increase autonomy. Methods: the study was undertaken on 20 demented elderly people with a history of falling with an average age of 81.4"4.7 years and an average mini mental state score of 16.3"6.5. They had all passed 'get up and go', 'chair sit and reach', walking speed and static balance tests. They were assigned to a control group or a training group; the latter were trained with two sessions a week for 16 weeks. Results: walking, mobility, flexibility and static balance were significantly improved in the training group (P-0.05), but not in the controls. The trained subjects did not suffer a relapse, while the controls did during the training period. Conclusion: the balance of frail, demented, elderly patients with a history of falling can be improved by training.
Introduction
Many studies have demonstrated changes in walking with age [1, 2] .
Step length, walking speed and reaction times all decrease while posture in head flexion and balance become poor [2] . These postural disorders can result in many falls [3] . Falls are generally multifactorial, and the principal causes are neurodegenerative disorders [4] , postural hypotension [5] , adverse drug reactions [2] , and vestibular [6] , visual [6] or musculoskeletal problems [7, 9] . However, some frail older subjects have gait disorders that cannot be easily ascribed to underlying disease, although these underlying diseases are probably partially responsible for the senile gait disorders [10] .
An inability to walk regularly reduces physical fitness [11] and imposes a sedentary life style. Thus, an excessively sedentary lifestyle leads to serious pathophysiological consequences, including muscle atrophy, impaired balance, orthostatic hypotension and impaired cardiorespiratory function; as well as psychological consequences such as apathy, depression and cognitive decline [12] . The lack of physical stimulation in institutional care increases the likelihood of gait disorders in frail elderly subjects [12, 13] and hence the number of people in wheelchairs. Many residents also become dependent on wheelchairs because they fear falling, or have extremely weak muscles [14, 15] . Residents are frequently not allowed to dress themselves, make their beds, or walk to the dining room because their capabilities are underestimated, because there are time constraints, or because the institution is concerned about its legal liability [16] . However, rehabilitation therapists recognise the importance of keeping long-term care residents mobile and active [13, 15, 17] .
Lazowski et al.
[18] demonstrated that general physical training has a positive influence on balance in institutionalised frail elderly subjects, while Rubenstein et al. [19] showed that physical training based on strength, endurance and mobility improved balance in fall-prone elderly subjects. Lastly, Pomeroy et al. [20, 21] demonstrated that physiotherapy based on music and movement groups, plus body awareness and functional mobility training, significantly improve the mobility skills of elderly people with a dementing illness.
We are not aware of any study on the effect of physical training on the balance of frail, demented fallers. We postulated that physical training to stimulate the balance and muscle functions of these subjects would reduce the number of falls and improve walking speed, so increasing their autonomy.
We therefore examined the effects of a general physical training programme on the mobility, balance, walking speed and flexibility of frail elderly people who were demented and had a history of falls, with the aim of reducing the number of falls.
Methods

Subjects
A group of 20 elderly demented patients with a history of falling aged 81.4"4.7 years were studied; their mini mental state (MMS) score was 16.3"6.5 [22] . All had fallen twice or more, either at home or in an institution, but neither the family nor the medical environment could indicate the exact total number of falls. Nevertheless, all the subjects had fallen during the 3 months immediately preceding the study. A fall was defined as any event that led to an unplanned, unexpected contact with a supporting surface. We excluded falls resulting from unavoidable environmental hazards such as a chair collapsing.
All the subjects who took part in this study could walk at least 10 m with or without the assistance of a cane, frame or another person, had fallen at least twice, and had an MMS score below 21. Persons whose medical condition was unstable were excluded.
We explained to each potential subject the training program individually in his/her bedroom, using simple sentences and exercises, because we did not oblige the subjects to participate in the training if they did not agree. People were then asked for their oral consent. Their severe cognitive impairment precluded the signing of a written agreement.
Two subjects were suffering from Alzheimer's disease, another had Parkinson's disease, two had a history of stroke and ten subjects had had several fractures (thighbone, arm, etc) following falls. Only 5 of the 20 subjects were classified as having a specific disease. The others had already entered institutionalised care with mental impairment and the physicians had not performed any tests (e.g. MRI) to determine its aetiology. Seventeen subjects were on anti-inflammatory drugs, 12 were taking psychoactive medication, 10 were on diuretics, 12 were on antihypertensive drugs and 15 were taking analgesics. These medications contributed to the impairment of gait and balance.
Protocol
A randomised cross-over design was used. Subjects were randomly allocated to either the control (CG) or training (TG) groups, with 10 subjects in each group. The control subjects continued their daily routine for the 16 weeks.
Evaluation and physical training were conducted in the morning at the institution. The initial evaluation was done two days before training began and the final evaluation was done two days after it ended. The tests were conducted by a physician who was experienced in assessment. He took no part in the physical program and so did not know who was in the control and trained groups.
Each new fall suffered by the subjects in the institution in the course of the 16 weeks was noted.
All subjects performed the following tests before and after training: 'get up and go' [23] , 'chair sit and reach' [24] , walking speed over 10 m [25] , and posturography platform QFP (French Association of Posturography, 1995). The study design is summarised in Figure 1 . The training program was offered to the control subjects at the end of the study but was outside the investigation.
Get up and go
This test of balance is commonly used to examine functional mobility in community-dwelling, frail elderly subjects. The test requires the subject to stand up, walk 3 m (10 ft), turn, walk back, and sit down. The time taken to complete the test is strongly correlated with the subject's functional mobility. Older subjects who can complete the test in less than 20 s are independent in transfer tasks that are normal activities of daily living.
Chair sit and reach
Flexibility was measured by asking the subject to sit on a chair and stretch one leg keeping the heel on the floor. He/she was then asked to touch his/her toes with the fingers. The distance between the fingers and toes was measured. 
Physical training
The subjects in the TG attended two supervised 1-h exercise sessions per week for 16 weeks. The total time of the physical training was only 45 min because the hour included fetching the subjects from their bedrooms and returning them there, to ensure that they did not become lost. The training group was divided into two groups of five subjects, each with two physicians because of the subjects' physical and mental dependence. It was impossible to stimulate 10 subjects continuously with only two physicians. The two groups performed exactly the same exercises in the same order. At each session, subjects undertook exercises to develop muscular strength, proprioception, static and dynamic balance and flexibility.
Examples of exercises
Muscle strength: The subject placed their feet in the notch of an elastic band and stretched the elastic band several times; the tension developed depended on the position of the feet in the notch. The subject sat in a chair with arms or in a wheelchair, then raised his/her bottom with or without the help of arms and sat on the edge of the seat. This exercise was repeated several times. Another exercise involved the subject sitting on a chair and flexing and extending his/her legs several times. Proprioception: The subjects walked on a variety of surfaces or on hard and soft surfaces alternately (e.g. one foot on a hard floor and one foot on a soft carpet). Static and dynamic balance: The subject stood on one foot and touched the supporting leg with the other foot at different heights (e.g. tibia, ankle). The same exercise was repeated but without touching the support. The subject stood between parallel bars and the physician swung a ball suspended from the ceiling; the subject was asked to avoid the ball. The subject stepped over obstacles of different heights (0-10 cm); this exercise was performed between parallel bars or free standing. Flexibility: The subject sat on a chair with a skate-board under his foot; then he bent and stretched his leg as far as possible while keeping his foot on the skate-board without the heel slipping backward. The subject placed an outstretched leg on a big ball and tried to touch his feet with his fingers. In general, for a better comprehension, the physician carried out the exercises at the same time as the patients or helped them.
Statistics
Values are expressed as means"the standard deviation (SD). The anthropometric characteristics of the two groups (age, weight, MMS) were compared before training using Student's unpaired t-test. We compared the mobility, balance, walking and flexibility of the two groups before and after training by two-way analysis of repeated measures (ANOVA). When the ANOVA interaction was significant, means were compared by the Newman-Keuls method. Statistical significance was set at P-0.05.
Results
Before training
The anthropometric characteristics (age, weight, MMS) (Table 1 ) and the initial values for the various tests of the two groups were not significantly different (Table 2) .
After physical training
Balance was significantly improved in the TG, whereas there was no change in the CG (P-0.01). The elliptical areas in the eyes-open posturography test were Values are expressed as mean"SD. significantly decreased by 40% (P=0.006) for the TG, whereas there was no change in the CG (Figure 2 ). The TG walked significantly faster (q23%) in the 10 metre walking test (P=0.015) and in the get up and go test, q41% (P=0.001). There was no change in the CG performance of the two tests (Figures 3 and 4) .
Flexibility was significantly improved after training (P=0.0002). The distance between fingers and toes was significantly decreased by 69% in the TG (P=0.02), whereas it was significantly increased by 44% in the CG, demonstrating a loss of flexibility ( Figure 5 ).
The MMS of the TG was unchanged after training, but it had significantly decreased by 13% in the CG (P=0.03) (Figure 6 ).
The TG subjects did not fall during the 16 weeks, while the control subjects fell 6 times during the same period. However, the TG started to fall again after the training: 2 falls in the first month, 2 falls in the second month, 1 fall in the third month, 7 falls in the sixth month.
Discussion
General physical training significantly improved walking, mobility, flexibility, balance and prevented new falls in dependent and cognitively impaired patients with a history of falling, while there was no alteration in the control group. Training and evaluation were simple because the subjects were mentally dependent, as indicated by a mean Folstein mini mental state of -21. Simple instructions were used in training and evaluation so that the subjects could perform the physical activities and evaluate themselves. This kept the subjects motivated.
The subjects in the training group regularly took part in training and became enthusiastic during the training sessions, although they could not remember any session or the name of their instructors. This enthusiasm affected their behaviour: they laughed, and spoke with little or no coherence. They caught things that were thrown (balls, hoops, etc). However, the subjects always had difficulty understanding the instructions in a subsequent session, even if the exercises were performed regularly. However, their walking improved after 8 weeks, despite their lack of improvement in comprehension of instruction. Subjects occasionally refused to participate in an exercise during one session, although agreeing to perform the same exercise in the previous session. We did not insist, but suggested another exercise a few minutes later. This type of refusal only occurred occasionally.
The elliptical areas covered by the moving centre of gravity in the condition 'eyes open' were significantly decreased after training. Lord et al. [7] [8] [9] and Maki et al. [26] demonstrated that a reduction in the area results in improved stability and balance in normal elderly subjects. Perrin et al. [27] and Lazowski et al.
[18] also showed that physical training based on flexibility and muscular strength has a positive effect on the static balance of frail, mentally normal elderly non-fallers. The present study demonstrates that general training can also improve the stability and static balance of elderly, frail, demented patients with a history of falling.
We found significant increases in mobility and in walking in the training group, with no change in the control group. Ades et al. [28] showed that physical training based on muscle building increases muscle strength in frail elderly non-fallers. McMurdo et al. [29] similarly demonstrated an increase in quadriceps strength and walking area with seated exercise in institutionalised elderly subjects. We did not measure muscle strength because of the dementia of the subjects. However, like McMurdo et al. [29] and Ades et al. [28] , we used exercises to develop muscle strength. Thus the increased walking speed was probably due to increased muscle strength, which can also explain the absence of new falls.
The training group showed significant shorter distances for the 'chair sit and reach' test after training, indicating better flexibility of the legs of the training group. This was probably due to the specific exercises used in training and the increased mobility produced by the general training. Shephard [30] demonstrated that the loss of flexibility with age is the cause of decreased mobility. We also found a significant increase in static balance, again in agreement with Shephard [30] , who showed that the decrease in flexibility is related to the decrease in stability with age.
Nashner and Cordo [31] demonstrated that the number of falls associated with ageing was due to decreased muscle strength and flexibility. This decrease results in the centre of gravity lying in front of the ankle axis, which favours falls. The improved flexibility may cause the centre of gravity to move up the ankle axis, giving better balance. This could have improved balance and prevented new falls in the TG.
The MMS score of the TG was not modified, whereas it had significantly decreased for the CG. This difference could be due to a 'group effect' for the training group. The fact of meeting twice a week for training could have influenced this result. Cognitive losses can be exacerbated by the inactivity that accompanies institutional living [29] . Secondly, the subjects had to pay attention to instructions during the training sessions, and they expressed themselves verbally, which was not the case when they were in their bedrooms. Neely and Backman [32] showed that mobilising attention and language stimulated cognitive function. They measured a significant increase in cognitive function after mental training based principally on language and attention. Thirdly, Molloy et al. [33] have demonstrated that the MMS of active elderly patients is significantly improved after physical training. However, McMurdo et al. [29] showed that the MMS of institutionalised elderly subjects remained stable after regular seated exercise and was the same in trained and control groups. This result could be because the control group took part in control reminiscence therapy, including group discussions and social interactions. In summary, physical exercise, mental stimulation and social interaction all seem to influence the maintenance or progression of cognitive abilities of demented elderly subjects, as assessed by the MMS. Exactly how remains to be defined.
We conclude that general physical training can have a positive effect on the balance of dependent, cognitively Figure 6 . Mini mental state before and after 16 weeks for the two groups. k, CG; m, TG.
Ã P-0.05 difference intragroup after 16 weeks.
impaired, elderly fallers. It resulted in a reduced elliptical posturography area and an absence of new falls in the trained group. Physical training significantly improved walking, mobility and flexibility, which can reduce falls and help maintain autonomy. An absence of stimulation in the control group led to more falls, and hence to a loss of autonomy.
Key points
. The balance of frail, demented, elderly patients with a history of falling can be improved by training. . The greater results among frail elderly could be the improvement of walking, mobility, flexibility and static balance in the training group, but not in the controls, and an absence of new falls in the training group during the trained period contrary to the control group.
